Abstract A new diphenyl ether dimethyl 2,3Ј-dimethylosoate (1) together with three known compounds monomethylsulochrin (2), emodin (3), and questin (4) were isolated through bioassay-guided fractionations from the culture of a marine-derived fungus Aspergillus sp. B-F-2. The structures of these compounds were determined by spectroscopic methods. Cytotoxicities of compounds 1 and 2 against K562 cell line were preliminarily evaluated by the MTT method and flow cytometry.
filtered through cheese cloth to separate the supernatant from the mycelia. The former was concentrated under reduced pressure to about a quarter of the original volume and then extracted three times with ethyl acetate to give an ethyl acetate solution, while the latter was extracted three times with acetone. The acetone solution was concentrated under reduced pressure to afford an aqueous solution. The aqueous solution was extracted three times with ethyl acetate to give another ethyl acetate solution. Both ethyl acetate solutions were combined and concentrated under reduced pressure to give a crude extract (22.0 g).
Purification
The crude extract (22.0 g) showed strong cytotoxity against K562 cells at 50 mg/ml. It was separated into 12 fractions on a silica gel column using a step gradient elution of CHCl 3 : MeOH. The bioactive fraction 3, eluted with CHCl 3 : MeOH 98 : 2 (2.9 g), was further separated on another silica gel column using a step gradient elution of petroleum ether : acetone to give compounds 3 (100 mg) and 4 (200 mg). The bioactive fraction 5, eluted with CHCl 3 : MeOH 95 : 5 (1.6 g), was subjected to a Sephadex LH20 column chromatography (100% MeOH) and further purified by semiprepartive HPLC [YMC-Pack ODSA, 10ϫ250 mm, 5 mm, 4 ml/minute] eluted with MeOH : H 2 O (60 : 40, 4.0 ml/minute) to give compounds 1 (30 mg) and 2 (58 mg).
Biological Assays
The human chronic myelogenous leukemia cell line K562 was grown in RPMI 1640 culture medium supplemented with 10% fetal calf serum, 100 U/ml penicillin G, and 100 m g/ml streptomycin at 37°C in 5% CO 2 /100% humidified air.
Cytotoxic activity was evaluated by the MTT method [5] using the K562 cell line. 200 ml of the cell suspensions at a density of 5ϫ10 3 cell/ml were plated in 96 well microtiter plates under the above conditions. Then 2 m l of the test compound solutions (in DMSO) at different concentrations was added to each well and further incubated for 72 hours under the same conditions. 20 m l of the MTT solution (5 mg/ml in PBS) was added to each well and incubated for 4 hours. One hundred fifty m l of the spent medium containing MTT was then gently replaced by DMSO and pipetted to dissolve any formazan crystals formed. Absorbance was then determined on a SPECTRA MAX PLUS plate reader at 570 nm.
For apoptosis assessment, cells were plated in 12-well cell culture plates (5ϫ10 4 cells/well) in triplicate and treated with DMSO (control) or compounds (1 and 2) at the indicated concentrations (Table 2) for 72 hours. Cells were harvested, washed twice with PBS and the cellular DNA was stained with 200 ml of propidium iodide (PI, 50 mg/ml, RNase 1 m g/ml, Triton X-100 0.1%). After incubation at 4°C for 20 minutes, cells were analyzed on a flow cytometer. 
Results and Discussion

Physico-chemical Properities
Structure Determination
The bioactive ethyl acetate extract of the Aspergillus sp. was chromatographed on silica gel columns and reversed-phase preparative HPLC to give four pure compounds (1ϳ4). Compounds 2ϳ4 were identified as monomethylsulochrin (2) [6, 7] , emodin (3), and questin (4) respectively, by comparison of their spectroscopic data with those reported in the literature.
The molecular formula of compound 1 was determined to be C 19 6 .69, 7.00, and one exchangable hydrogen proton signal at d 5.97 were observed. The 13 C NMR showed a total of 19 resonances. After the assignment of the carbons bearing hydrogens by the HMQC experiment, the structure of two aromatic ring moieties were determined by the HMBC experiments shown in Fig. 2 . The two aromatic rings were bonded by an oxygen through an analysis of the carbon signals at C-1 and C-1Ј, combined with the molecular formular. On the basis of the above data, the structure of 1 was determined.
Cytotoxicities and Apoptosis
The quantification of cellular growth, including viability, apoptosis and different phases of the cell cycle, has become an essential parameter in the evaluation of anticancer activities of compounds. To evaluate the potential anticancer effect of compounds 1 and 2, cell viability and cellular DNA analyses were performed using K562 cells. A decrease in reduced MTT concentrations is generally observed in the presence of compound 1 (IC 50 ϭ76.5 mM) whereas compound 2 has little effect (IC 50 Ͼ100 mM).
In the cell cycle and apoptosis assay, as shown in Table  2 , 1 at 100 mM increased the percentage of cells in the S phase of the cell cycle from 38.3% (Control) to 56.4%. Meanwhile, after 72 hours treatment with 1 at the same concentration, the percentage of apoptotic cells was also increased (11.5%) as compared with control group (0.7%) (Fig. 3) . In contrast, 2 at each concentration had 364 little effect on cellular DNA, as compared with the control group. Collectively, we demonstrate for the first time that 1 inhibits cell viability through S-phase blockage of the cell cycle and cell apoptosis.
Compounds, possessing diphenyl ether skeleton, are common constituents of fungi metabolites, such as Pestalotiopsis sp. [8] , Aspergillus sp. [2] , and etc. Their reported bioactivities mainly focus on the endothelin (ET) binding inhibitory activities [1, 8] , with nearly no reports on cytotoxicity. Our study demonstrated for the first time that compound having diphenyl ether skeleton showed S phase inhibitory activity against K562 cell line. Therefore it is important to further evaluate the cytotoxicity of diphenyl ether compounds for finding their structureactivity relationships.
